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ABSTRACT 
 
Aim: This study aims to observe the potential implementation of analytical 
methods based on digital image processing as an alternative method of 
colorimetric analysis that can be implemented in site. Methodology and 
Results: Pt-Co standard series solutions at concentrations of 5, 10, 20, 30, 
40, 50, 60, 70, 80, 90 and 100 concentration units (CU) were measured by 
spectrophotometric method and digitally enhanced colorimetric (DEC) 
method to obtain a response in the form of absorbance (Abs) and area 
under curve (AUC) value. Absorbance measurement was carried out at 
317.5 nm (λ max). The AUC value was obtained from the 3-point RGB value 
measurements, made average so that a color band is produced, then 
quantified by translating the color band intensity into the response curve in 
ImageJ software. The Abs and AUC values of artificial samples are 
processed into CU values with linear equations resulting from linear 
regression test. The results of the calculation of CU values from the two 
measurement methods were tested using independent t test method to 
examine significant differences between the two measurement methods. 
Conclusion, significance and impact study: Coefficient of determination 
(R2) plot CU VS AUC = 0.8638, in independent t test was obtained p-value = 
0.4246 at the 95% confidence level. Therefore, it can be concluded that 
digitally enhanced colorimetric could be used to determine water quality, 
especially color parameter in site measurement. 
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1. INTRODUCTION 
 
Water used to fulfill the daily needs of humans possesses different characteristics this in 
dependent on the nature and amount of substances contained, invariably affecting the kind of 
treatment required before it can be utilized accordingly. River water that originates from 
mountain springs and flows far away from urbanization may only contain impurities in the form 
of coarse particles that can be set aside by ordinary physical treatment techniques. Whereas, 
river water that flows through where human activity exists can be ascertained to have more 
complex impurities. Hence, other methods including biological and chemical treatments are 
required in accordance with the amount and nature of pollutants contained therein. 
Referring to the Ministry of Health Regulation Number 32 of 2017, concerned with 
standards in the quality of health of the environmental and water,  several physical, chemical 
and biological parameters are stated which includes the standards that must be obtained for 
water to be safely used by humans. Color, turbidity, total coliform, nitrite and nitrate are several 
parameters whose standards are specified in the regulation. To measure these, an analytical 
method specifically developed for each parameter is required. Until now, many methods have 
been developed from conventional to electronic and digital assisted instrumentation. The 
development of increasingly advanced science has entered the era of industrial revolution 4.0, 
which is characterized by digitalization of various things in order to improve efficiency and 
facilitate human life. The use of digital imagery needs to be considered as an alternative method 
for analyzing the quality of water whose application will make life easier. 
The objectives of this study is to observe the potentials of implementing an analytical 
method based on digital image processing, that can be used on site as an alternative to 
colorimetric techniques. Furthermore, it is also expected to reduce the cost of analysis which 
includes sampling cost, shipping service charges, and costs of operation and maintenance of 
analytical instruments. In addition, its contribution to the environment should be considered, 
including its ability to reduce the residual waste of analysis and e-waste which is also resulted 
from the process. Several studies have previously used digital imagery as a basis for their 
differential analysis, these include Temulawak, Turmeric and Bangle through the interpretation 
of TLC using ImageJ (Fitrianti, 2011), analysis of nitrite content and pH in water samples (Murray 
et al., 2017; Luka et al., 2017; Czugala et al., 2013; Cavel-Cuevas et al., 2012), and the use of 
smartphones as an alternative instrument for colorimetric analysis (Kilic et al., 2018; Vashist et 
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al., 2014; Shenet et al., 2012). In addition, digitalization of the colorimetric analysis has also 
been worked on for application in the analysis of food samples, agriculture and other related 
fields which require this technique. The analytical methods developed are usually specific to 
one analyte in the presence of other analytes hence there is still room for the development of 
digitized colorimetric method. In this paper, this technique will be referred to as Digitally 
Enhanced Colorimetry (DEC). 
This paper will examine the development of the DEC technique with reference to Standard 
Methods (APHA, 2005). This parameter was chosen for the ease of preparing the standard 
series solution, the relatively stable chemical properties of the solution and the low number of 
impurities. This reduces the occurrence of bias in the results that may be caused by changes in 
condition of the solution during the measurement process. This study is currently in the 
preliminary stage, concerned with the factors that influence the results, which will then be 
considered in the development of further research. In this study, digital images will be 
processed and quantified by direct quantification methods from the RGB values which are then 
converted to Area Under the Curve (AUC) using ImageJ software. In previous studies, the 
approach taken was to quantify based on the HSV value (Murray et al., 2017) or use Artificial 
Neural Network approach (Capel-Cuevas et al., 2012), develope a Centrifugal Microfluidic 
Analysis System (Czugala et al., 2013) or the Screen-based Bottom Illumination method               
(Vashist et al., 2014). 
 
2. RESEARCH METHODOLOGY  
 
As shown in Figure 1, this research is divided into several major stages which include the 
preparation phase, data acquisition, processing and analysis.  The preparation stage involves the 
setting up the materials, and standard series solutions with reference to Standard Methods 
(APHA, 2005). The second stage of data acquisition involves the determination of the                
maximum λ, measuring the absorbance of standard series solutions, capturing digital images, 
and measuring 3-point RGB values for each unit of concentration. In the next stage, the RGB 
value is measured via digital image at three different points (left, mid, right), their average taken 
and translated into color bands. ImageJ software is used to quantify the color bands that have 
been produced, creating value for the area under the curve (AUC) which theoretically is directly 
proportional to the concentration of the Pt-Co solution measured. The CU value from the 
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quantification of AUC and absorbance obtained was then tested statistically with the 
independent t-test method to determine the significant difference in the results of the two 
methods performed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 The big picture on preliminary study of Digitally Enhanced Colorimetry (DEC) method 
 
2.1 Preparation 
 
Referring to the color analysis technique in the Standard Method Part 2120, a stock 500 Pt-Co 
unit was prepared by dissolving 1,246 grams of potassium chloroplatinate (K2PtCl6) and                    
1.00 grams of cobaltous chloride hexa hydrate (CoCl2.6H2O) in an aquadest with 100 ml 
concentrated HCl, which was further diluted to 1000 ml with distilled water. The Pt-Co standard 
stock solution was serially diluted with distilled water, hence the concentrations Units (CU) of 5, 
10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 were obtained. The volume of stock solution and 
aquadest added at each dilution concentration are listed in Table 1. 
 
  
2. DATA AQUISITION 
 
Preparation of Standard series Pt-Co solution 
(5, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 
CU) from 500 CU Pt-Co concentration solution 
Several measurements of Pt-Co standard series 
solutions (from the 1st step): 
1. λ max. Determination and absorbance 
measurements on its maximum 
wavelenght using spectrophotometer      
UV-Vis 
2. Digital image acquisition using DSLR 
Camera (white and black background) 
3. 3 (three)-point RGB value measurements 
for each concentration unit 
1. PREPARATION 
 
 3. DATA PROCESS 
Processing step for collected data (from the 2nd 
step): 
1. Avarage 3 (three)-points RGB value 
conversation to color band 
2. Intensity measurements of color band 
using ImageJ software, through AUC 
measurements methods 
4. DATA ANALYSIS 
Statistical data analysis to compare the 
significants of several treatments to the 
analytical results 
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Table 1 Various concentration unit Pt-Co standard series solution 
 
No Pt-Co Stock Solution (ml) Aquadest (ml) Pt-Co Color Unit (CU) 
1 0.5 49.5 5.0 
2 1.0 49.0 10.0 
3 2.0 48.0 20.0 
4 3.0 47.0 30.0 
5 4.0 46.0 40.0 
6 5.0 45.0 50.0 
7 6.0 44.0 60.0 
8 7.0 43.0 70.0 
9 8.0 42.0 80.0 
10 9.0 41.0 90.0 
11 10.0 40.0 100.0 
 
 
2.2 Data Acquisition 
 
The standard serially diluted solution prepared was then used as the object of measurement at 
this stage. A spectrophotometer was used for measurement by scanning wavelengths in the 
range 250-700 nm, to determine the maximum wavelength (λ max) which produces the 
optimum absorbance value. The standard series solution is measured at λ max then plotted in 
the concentration-absorbance graph to see the correlation between both variables. In the 
process of taking digital images, the same solution used for the measurement on a 
spectrophotometer is placed on a glass tube which is put in a special tube rack that fits its size.  
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Figure 2 ImageJ interface of 3-point RGB measurements (source: data measurement) 
 
 
 
                               Figure 3  (a) Response curve from 5 mm color band width, 
 (b) Response curve from 1 mm color band width (Data measurement) 
 
The measurement in three different positions are then recorded, with the average taken on 
each channel Red (R), Green (G) and Blue (B) which was further used as inputs so that the 
resulting color bands can be quantified. Adjustments are digitally made to the width of the color 
bands before the quantification process is carried out, because the quantified color band width 
affects the shape of the resulting curve, as can be seen in Figure 3.  
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In Figure 4, we can observe that the average RGB data input process produces a color band, 
which is further quantified to an AUC value. The color band intensity is measured by converting 
the intensity value into a curve that has a certain area, directly proportional to that of the 
measured color. All measurements were then recorded in Figure 4. 
 
 
 
Figure 4 Average RGB data input to produce color band 
 
2.3 Data Process 
 
In ImageJ software, the Gel-analysis submenu is a collection of commands that can be used to 
carry out one-dimensional electrophoretic assay. This command uses a simple graphical method 
that involves forming profile path plots, drawing lines to limit curves and then measuring the 
area under the curve (Ferreira and Rasband, 2012). 
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Figure 5 Rectangular pattern as the boundary for the color band to be quantified 
 
In this study, the gel-analysis feature will be used to quantify the intensity of color bands 
from digital images obtained at the data acquisition stage. The steps involved include making a 
"rectangular boundary" on each color band to be quantified, plotting the color band with the 
"Plot Lanes" command, then using the "Wand" tool to obtain area under curve values, as 
illustrated in Figure 5 and Figure 6. The AUC data generated was used for further analysis. 
 
 
 
Figure 6 AUC quantification step 
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2.4 Data Analysis 
 
The AUC value obtained was plotted into a graph, this was statistical analyzed using the 
independent t-test method to determine the significant mean differences in the results 
obtained from the two methods (spectrophotometry and DEC). Statistical test utilizes the 
assistance of open source statistical software R with R commander (Rcmdr) in the R 
programming language interface. 
 
3. RESULTS AND DISCUSSION 
 
The results of this experiment supported by literature showed several factors that influences 
measurements with the DEC method. Camera resolution, solution transparency and shooting 
angle are closely related to the angle of illumination. The differences in background color and 
light interference are other factors that were observed in this experiment. As seen in Figure 7, a 
black shadow is generated on the digital image captured by the camera, this affects the area 
under curve value obtained from the quantification of the color band intensity. Capturing digital 
images at a different time and place will also affect the results, due to the light interference 
from the room or area where the measurements are made. Some of the above problems can be 
solved by making a measurement chamber that is light impermeable, that has an internal 
lighting source and is equipped with digital instruments for image capture. This has been carried 
out in several other studies (Luka et al., 2017; Czugala et al., 2013; Vashist, 2015). 
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Figure 7 Captured image of Pt-Co standard series solution 
 
Transparency of the measured solution is closely affiliated with differences in the 
background used during the digital image retrieval process. This effect is not significant in 
solutions with high concentration or that which is not transparent, (Luka et al., 2017). 
Conversely, low concentration and transparent solutions are greatly affected. In transparent 
solutions, the background color affects the color being captured by the camera, while direct 
color measurement can be made in non-transparent ones. Direct measurement is carried out 
without going through the RGB 3-point process. This occurs because the background color has 
no influence, on the solution being measured. Therefore, measurements are taken at different 
points within transparent solution. The average is then taken, so that the difference in the 
intensity of the resulting color band can be quantified. Nevertheless, it is necessary to validate 
this method to ensure the authenticity of the results. 
 
3.1 Data Acquisition and Data Processing Results 
 
3.1.1 Spectrophotometric Measurements 
 
The measurement of Pt-Co standard solution with a spectrophotometric method was carried 
out as a comparison of the results obtained with the DEC method. The scanning wavelengths for 
Pt-Co standard solutions show that a value of 317.5 nm produces maximum absorbance. 
Therefore, during further determinations, this value was used as the reference point in the 
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spectrophotometer. The plot of the absorbance for the Pt-Co standard serially diluted solutions 
is shown in Figure 8. It can be observed that the coefficient of determination (R2) is 0.9841, 
which indicates that both variables have a fairly strong relationship with one another. To test 
the linearity of the measurement taken, dilution of the standard Pt-Co 500 CU was done so that 
5 concentrations were measured as samples (15, 25, 35, 45 and 55 CU). Results on the 
absorbance are presented in Table 2. The results of plotting data in Figure 8 results a linear 
regression equation (1) 
 
 𝑦 =  0.0067𝑥 +  0.0538 (1) 
 
 
 
 
Figure 8  Plot of Pt-Co standard series solution measurement results 
using spectrophotometer UV-Vis at 317.5 nm 
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Table 2 Absorbance measurement results for samples with predicted concentrations 
 
No Predicted Sample 
Concentration (CU) 
Absorbance Calculated 
Concentration (CU) 
1 15 0.155 15.1 
2 25 0.233 26.7 
3 35 0.280 33.8 
4 45 0.332 41.5 
5 55 0.414 53.8 
 
The sample concentration (see Table 2) is calculated based on the results of absorbance. 
This is measured by substituting the y value of equation (2) so that the x value is obtained. The 
value of y is the sample concentration measured by a spectrophotometer. 
 
 𝑥 =  (𝑦 − 0.0538) / 0.0067 (2) 
 
3.1.2 Digitally Enhanced Colorimetric Measurements 
 
Pt-Co standard serially diluted solutions and the sample solution in spectrophotometric 
measurements were also measured by the DEC method. The results obtained from the two 
different methods were statistically compared with the DEC using the independent t-test 
method to observe if there are significant differences from both measurement methods. The 
critical stage in the measurement using this method was at the point of the determining the 
"rectangular boundary", as the difference in boundary size created will affect the AUC 
produced. To combat measurement error problems that are due to difference in boundary 
sizes, the boundary determination was carried out by utilizing macro commands that can run on 
the ImageJ software. An illustration of the macro command can be seen in Figure 5. 
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Table 3 3 (three)-point RGB measurement data (white background image) 
 
    Pt-Co Color Unit (CU) 
    5 10 20 30 40 50 60 70 80 90 100 
Left Red [R] 100 104 111 112 119 123 123 124 123 124 113 
Green [G] 101 106 110 115 122 124 123 126 124 123 107 
Blue [B] 96 101 105 108 115 116 113 112 106 105 91 
Midle Red [R] 91 92 96 98 99 113 116 113 119 117 114 
Green [G] 93 91 97 99 100 117 114 115 120 114 112 
Blue [B] 88 89 91 91 94 103 101 102 104 97 97 
Right Red [R] 103 113 106 110 107 114 123 120 126 145 172 
Green [G] 110 113 107 107 108 114 124 121 129 148 177 
Blue [B] 103 111 101 100 102 104 110 107 110 131 157 
Average Red [R] 98 103 104 107 108 117 121 119 123 129 133 
Green [G] 101 103 105 107 110 118 120 121 124 128 132 
Blue [B] 96 100 99 100 104 108 108 107 107 111 115 
Area Under Curve 
(AUC-Pixel) 
2164 2091 2073 2106 2079 1955 1923 1870 1937 1910 1815 
 
 
 
 
Figure 9  Plot of Pt-Co standard series solution measurement results 
using DEC method (white background image) 
 
It can be observed in Figure 9 that the coefficient of determination (R2) is 0.8638, this 
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indicates that both variables have a fairly strong relationship between each other, but not as 
strong as that seen in the spectrophotometric results. To test the linearity of the measurement, 
dilution of the standard Pt-Co 500 CU was carried out, therefore, 5 concentrations were 
measured as samples (15, 25, 35, 45 and 55 CU). AUC results are presented in Table 4. The 
results of plotting data in Figure 9 results in a linear regression equation (3). 
 
 𝑦 =  −3.2488𝑥 +  2156.8 (3) 
 
Table 4 AUC measurement results for samples with predicted concentrations 
 
No Predicted Sample 
Concentration (CU) 
AUC Calculated 
Concentration (CU) 
1 15 2,102.0 16.9 
2 25 2,074.2 25.4 
3 35 2,031.4 38.6 
4 45 2,010.5 45.0 
5 55 1,980.7 54.2 
 
The sample concentration value (see Table 4) is calculated based on the results of AUC 
measurements by substituting the y value of equation (4) so that the x value is obtained, namely 
the value of the sample concentration measured by a DEC method. 
 
 𝑥 =  (𝑦 − 2156.8) / 3.2488 (4) 
 
3.2 Data Analysis Results 
 
In Figure 10, it is observed that the color unit (CU) value is directly proportional to the RGB 
value and inversely proportional to the AUC value. That is to say, an increase in the value of CU 
will also increase the average RGB value and decrease the AUC value. Unlike what is observed in 
Figure 11, the average RGB value in the CU 5 to 10 has a declining tendency. Whereas, in CU 20 
to 100 there is a fluctuation in average RGB values which is caused by the interference with the 
color of the solution due to the presence of the dark background on the image being analyzed. 
This does not occur with the AUC value, even though there are fluctuations in the average RGB, 
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an increase in the CU will also increase the AUC value.  
 
 
Figure 10  Plot of relationship among average RGB value, Pt-Co color unit  
 and area under curve measured on white background image 
 
 
 
Figure 11 Plot of relationship among average RGB value, Pt-Co color unit 
and area under curve measured on dark background image 
 
From the Figure 10 and Figure 11 plotted above, it can be observed that taking the 
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treatment in different backgrounds affects the AUC, but it does not affect the concentration 
determined. In addition, it can also be deduced that fluctuations in the RGB average value do 
not affect the AUC. It happens because the AUC value is obtained from the results of a 
combination of 3 channel colors (R, G, B) which produces a certain intensity that is not 
dependent on the value of each channel. 
 
 
 
Figure 12  Output from R statistical software for independent t test of measurement data 
(Spectrophotometric VS DEC method) 
 
The “artificial sample calculated concentration” value was determined from the two 
experiments and then tested statistically by the independent t-test method. Based on the test 
results, the statistical value t = 0.19643 and p-value = 0.4246 (Figure 12). Using decision-making 
rules based on p-values, at α = 0.05 it can be said that there is no significant difference between 
the results of the spectrophotometric method and the results with the DEC method. That is to 
say, the measurements obtained using the DEC method is not significantly different from the 
results of the spectrophotometric measurements. However, it is necessary to validate the 
analysis method so that the results are valid and accountable. 
 
4. CONCLUSION  
 
Processing the results of the experiment, it can be concluded that the DEC has the potential to 
be an alternative method of analysis, especially on compounds that possess the appropriate 
determinants. Several experimental data plots show a strong correlation between the two 
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variables (CU and AUC), one of which is indicated by the coefficient of determination (R2) = 
0.8638 measured using the DEC method. This supports the results of statistical analysis with the 
independent t-test that produced a p-value = 0.4246 at the 95% confidence level. The p-value 
was obtained at a position > 0.05, hence it can further be concluded that there was no 
significant difference between the results of the measurement obtained using the two 
analytical methods when compared with each other. Also, digitally enhanced colorimetry could 
be used to determine the quality of water, especially in the assay of photo luminescent 
materials on-site. However, further research is needed to ensure the reliability of this DEC 
analysis method. 
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